Using WSJT-X for Microwave EME 
(Q65 and Echo mode) 


Charlie Suckling DL3WDG 
Based on EME2022 presentation 
Update #3 (7 Dec 2022) 


Agenda 


Q65 features 

Choice of optimum sub-mode and decoding options 
Signal on waterfall, but no decode — why? 

Getting the best out of Q65-60E for 10GHz and above 
New Echo mode 

Doppler compensation, and advantages of CFOM 
Determining S/N margin of a signal 

Drift compensation, non-standard callsigns and 
decoding the full passband 

Appendix: delayed decoding, signal report accuracy, 
polynomial, q65sim, references , latest features 


Q65 


Replaces QRA64 (since 2021) 

Sync tone more easily visible on waterfall 

Powerful algorithm to deal with high Doppler spread 
Does not use a callsign database 

Practically immune from false decodes 

Includes Averaging and Auto-Sequencing 

Improved sensitivity 

A variety of period lengths and tone spacings 
Optional ability to decode whole passband 

Ability to decode drifting signals 


Allows use of non-standard callsigns, with same 
sensitivity as standard callsigns 


What does a Q65 signal look like? 


Q65-60D, Tx=1000Hz (S/N = -15dB/2500Hz, spread=25Hz) 
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Sync Tone 


Q65 sync plot 


Bins/Pixel 3 Start 300Hz 3 Palette | adit... | |] Flatten [V7] Ref Spec a) 0 


NAvg 1 = | Scope | |Q65_Sync — ‘\ LJ : U 


Green bar centred on Rx frequency, width set by Ftol. Decoding is attempted on signals 
within width of green bar. If signal is too weak to see on waterfall, and you are not sure 
of frequency, then a wide Ftol should be used (at the expense of decode time and 
possible loss of sensitivity). In most cases start with 100Hz, but experimenting may 
prove useful in some cases. 


Q65 sub-modes 


The letter designator does not indicate a particular tone spacing. 


Period |Spacing Width|Spacing Width|Spacing Width|Spacing Width|Spacing Width 


P30 333217 | 6a? 433: | 
To [167 108 | 333217 | 667 3 [1333867 [2607 17 
Tia [7s 49 [15098 | 300195 | 600 390 )1200 780 
300 [029 19 [ose 38 [675 | 231150 | 463301 


Note: T/R period 15s does not work with EME time delay! 


Choice of sub-mode 


¢ Longer period lengths increase sensitivity 


¢ But, the narrower tone spacing associated with longer 
period lengths can reduce sensitivity if Doppler spread 
is too high more than the gain in using a longer period. 


Commonly used sub-modes: 


1.3-3.4GHz 60C 


5./GHz 60D 
10GHz 60D and 60E (DLOSHF beacon uses 60E) 
24-47GHz 60E 


Feel free to experiment! AQSO may sometimes be possible by using another sub-mode. 


S/N for 50% decoding success v spreading 
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Spreading (Hz) 


This graph allows optimum choice of sub-mode for different spreading conditions. 
For example, at 100Hz spreading 120E would be the best mode, followed by 60E, 
which is slightly better than 60D. At 500Hz, 60E is slightly better than 120E, and 
60D would perform worst. 


Note for 10GHz ops: At all spreading values above 70Hz , 60E outperforms 60D! 


What about other sub-modes? 


q65sim.exe is a tool that allows wave files to be 
generated at any desired Doppler spread and 
any S/N, with drift and Doppler steps included, 
SO anyone can experiment! Please refer to 
Appendix for more information. 


im * Computer + Local Disk (C:) » WSIT » weyjt + bin 


¥ Include in library ¥ Share with ¥ Burn New fol: 
ss 

nal - Name 

acal Settings © message_aggregator.exe 


linimumPICA ln] mskl44code.exe 
ly Document: =a 


ly Documents 


Decoding Options 
[Deqvee | Save Tools Help 


Fast 
Normal 


© Deep 


¥ Enable averaging 
7 Auto Clear Avg after decode 


Fast, Normal and Deep options are available. Fast will decode most signals; for very weak 
signals Deep may be needed, but the decoding process will generally take longer. 


Note: If a decode is not obtained in real time with Fast, double clicking on the sync tone 
frequency on the waterfall (or pressing | decode | ) will invoke a second decoding attempt 
using Deep automatically. 


Increased decode sensitivity using AP 


AP (a-priori) decoding improves sensitivity by up to 4dB 
Decode text shows what type of AP was in use 


AP makes use of any already known information, eg DX Call 
and grid locator, to assist the decoder. 


Table 6. Q65 end-of-line codes 


qP Message components 


? Indicates that message 
mi? ? ? component was unknown 
to the decoder. Exception 
to this is MyCall DxCall 


qi cQ ? ? 


q2 MyCall 2? ? 


DxGrid (Tx 1) message, 
q3 MyCall DxCall_ ss? where DxGrid is used as AP 
information, if available 


g4 MyCall DxCall [<blank> | RRR | RR73 | 73] 


5 MyCall DxCall ? (Max Drift = 50) 
q y 


Optimum use of AP 


¢ For asked, or when calling a known station, ensure that 
DxCall and DxGrid are filled in for the station you want to 
work. [Double clicking a decoded message will populate these 
fields automatically]. 


¢ When monitoring a marginal station in QSO, temporarily 
change MyCall to that of the station being called by the 
station you are monitoring and enter the station you are 
monitoring into DxCall and DxGrid. Remember to revert to 


your own call afterwards before transmitting, to avoid being a 
pirate! 


Note: When entering Settings to change MyCall, the sked 
frequency will probably change and you will need to reset it!! 


Using Averaging to decode very weak signals 


Q65 is often able to decode very weak signals by accumulating 
information from several (identical) messages. The last 4 messages 
have equal ‘weight’ — earlier messages have a decreasing contribution 
according to their ‘age’. Even and odd periods are stored in separate 
accumulators, and the number of messages stored in each is shown in 
the box at the bottom of mainwindow. Pressing | Gearava_ | resets the 
even and odd period accumulators. =, 


ae 
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¥ Auto Clear Avg after decode 


Average Decodes 


ure dB DI Freq Message q3 type decode 


SSeS — ON 2 messages 


¥ Auto Clear Avg after decode 


¢ For normal operation, and in almost all cases on microwave 
bands, this should be selected as shown above. 

¢ lf not selected, additional decodes may appear subsequently 
that do not relate to incoming messages. Even noise input 
can trigger such decodes, since the message stored in the 
average accumulator still has sufficient S/N to allow decoding! 


¢ The only situation where it should not checked is for a 
DXpedition station , who wishes to accumulate the average 
from multiple callers to be able to click on Q65 sync peaks of 
the different callers to try to decode them in preparation for 
calling them. 


See the signal on waterfall , but no decode? Fe 


Are you using the same sub-mode as your QSO partner? 
Message changed during the period? 

Station started transmitting too late? 

Signal is drifting or unstable? 

PC time is not correct? 

PC Time was corrected during a period (Dimension4)? 

Try Deep decode (if using Fast initially) 

Audio dropout (close and restart WSJT-X)? 

Large Doppler step (eg 20Hz) occurred near middle of period? 
Or, more than one contributing factor! ! 


Q65-60E on a real rig 


Signal bandwidth 


Tx 700 Hz Le 
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Max Drift 0 
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Limitations in the upper edge of the passband can sometimes be compensated, for 
by driving one or more stages of the RF stages in the TX chain into compression. 
This should not be done at audio, to avoid distortion products! 


Use of reference spectrum 


Use of reference spectrum flattens the audio response of your 
receive system. It can even be of benefit with SDRs. 


In some cases, use of Ref Spec may increase the available 
audio bandwidth on receive. 


Under some circumstances, decoding of very weak signals can 
be improved. 


Signal to noise ratio accuracy of decodes may be improved. 


Allows Echo mode to find weak widely spread signals more 
effectively 


Reference spectrum procedure 


lad : Must have Flatten checked 
us) | [Flatten F] Ref Spec before starting 


7 || |Q65_syne ) 
we Click this 


Grgoe reference spectrum | 


Point antenna off moon, or tune to a perfectly quiet frequency with no birdies. 
Set receiver to how you normally use it (IF bandwidth, gain, passband tunin 


noise blanker [if used, best not to use] etc etc). 


Reference spectrum procedure - contd 


Help 
Erase reference spectrum | Click this 
dices jy scl spectrum i 


Wait 60s, or more 


_ [_ Monitor} | Click this 
i Stop monitoring bss 


Flatten |¥) Ref Spec 
[965_Sync = Select Ref Spec 


ee 


If any changes are then made to receiver settings the procedure must be 
repeated. It is a good idea to record a new reference spectrum periodically. 


Example of use of Ref Spec 


Using Flatten 


Using Ref Spec 


‘requency Anabysrs 


1Hz = =61000Hz = 2000Hz  3000Hz 1Hz  1000Hz  2000Hz  3000Hz 
ee ee 1Hz 1000Hz 2000Hz 3000Hz 
(WT je Wide Ga i X 


(nit 50) 1000 ou 
——e _ i 


<_ 


hs ane ae = Q65-60E bandwidth 


Your audio passband can be displayed 
(for interest) by temporarily selecting 
Reference on the waterfall display. 
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Revised Echo Mode (2.6.0-rc4) 


WSJT-X 2.6 introduced a revised version of the Echo mode. In the past, 
Echo presented just a peak value for S/N which did not allow for Doppler 
spread. This new version integrates the signal power over the 
bandwidth of a spread signal, thus presenting a much more accurate 
estimate of S/N for signals with significant spreading. 


In addition to generating and receiving your own echoes, the program can 
be used in ‘Monitor’ mode to measure the S/N of someone else’s signal, 
below the level at which Q65 decodes can be obtained. 


Both normal and Monitor mode require the signal to be at 1500Hz [+/- 
10Hz]. This requires appropriate Doppler compensation to be used, and 
very accurate frequency calibration if monitoring another station. 
Applications include system assessment and optimisation, and 
comparison with other stations. Agreement with VK3UM EMECalc has 
been shown to be very good. 


Interpreting the text output 


File Configurations View Mode Decode Save Tools’ Help 


UIC Tsec Level Doppler Width N Q DF SNR dBerr 

022845 0 54.53 §91 i8.5 i 10 8) -8.9 0.5 
022851 6 54.61 530 18.5 2 i090 8) -8.4 0.5 
022857 i2 54.36 589 i8.5 3 id -2 -9.0 0.5 
022903 18 54.49 588 18.5 4 i090 -2 -8.7 0.5 
022909 24 54.27 587 18.5 5 10 -2 -9.0 0.5 
022915 30 54.67 586 18.5 6 id -1 -8.3 0.5 
022921 36 54.66 5865 i8.5 7 i090 -1 -8.1 0.5 
022927 42 54.76 584 18.5 8 id -1 -7.8 0.5 
022933 48 54.66 583 18.5 9 id -1 -7.7 0.5 
022939 54 54.42 581 18.5 id id -1 -7.8 0.5 

UTC: UTC 

Tsec Number of seconds elapsed since starting echo sequence 

Level: | Audio level (same as thermometer on mainwindow) 

Doppler: Doppler shift of echo (calculated value from Astro) [Hz] 

Width: Signal width (calculated value from Astro) [Hz] 

N: Number of echo (or monitor) cycles 

Q: Estimate of quality of the data [integer number from 0 to 10] 

DF: Distance of signal peak from 1500Hz [Hz] 

SNR: Signal to noise ratio [dB/2500Hz] 

dBerr: Estimate of error in S/N value 


Use of Echo mode for self echoes 


e |tis used in just the same way as the prior version, as 
explained in section 8.6 of the WSJT-X User Guide. 


¢ Sufficient echo cycles should be used until the S/N and dBerr 
settle to stable values, as shown in the on-screen text. [It is 
likely that the first few echoes will show a higher S/N than 
reality due to libration peaks; this is normal and these early 
results should be ignored]. How many echo cycles are needed 
depends on S/N and spreading (more for weaker signals and 
wider spreading). 


¢ The echo is also shown in the Echo graph. You will see that it 
becomes less ‘noisy’ as the average builds up. 


Echo graph and waterfall 
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System: 2.4m dish, 7OW at feed. Spread = 221Hz 


KA1GT Echoes at 1296 (through dense trees) 


SNR(AB) 
8 


Bins/Pixel 5 = ap ——{/— 


=e |e a ee ee ee ee 


PVR KR KARR OOD 3 5 S/N 
3 — 
3 
25e 
a 
2 Ts 
1.5 
AAAAS' dBerr 


Zero — |_——— 


10 15 20 25 30 35 40 45 50 


Number of echoes averaged 


=15) x! 


KA1GT running 240W to 3.1m 
dish. Moon was not visible by eye 
through the trees. 


With moon in the clear, echoes 
are about —9dB. From this, the 
trees are costing nearly 20dB! 


Smooth 0 aa 


N: 50 


Echo - Monitor mode 


This is used to measure S/N of another station. If the mutual Doppler shift is 
>750Hz, appropriate Doppler correction must be applied . When you know that 
the other station has started transmitting, press Monitor button and the data will 
start to accumulate. If Monitor is green when Echo mode is selected, press ‘Clear 
Avg’ button when the other station starts transmitting. Previous accumulated data 
can be erased by pressing Clear Avg button. Pressing Erase only clears the text, 
not the accumulated data. 


Transmitting a 1500Hz tone is most easily achieved by the transmitting 
station selecting Echo Mode, Doppler method ‘Own Echo’ and pressing 
the ‘Tune’ button. 


Example of monitor mode 
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47GHz examples (plots of SNR v cycles) 


0 20 40 60 80 100 120 


No signal detected (DL7YC->W5LUA) 


-40 utc N Level SNR dBerr DF Width Q 
-60 + fessess 90 61.1 -99 99 209.1 400 0 
aid 
-100 
-120 
é | 
i i . . ™ ii = Barely detectable signal(DL7YC->W5LUA) 
40 + utc N Level SNR dBerr DF Width Q 
= sesssss 95 60.9 28.6 33 209.8 400 0 


Stable result after this point 


Note: This method outperforms Linear Avg waterfall spectrum 
for detection of very weak signals with wide spreading. 


Echo mode in WSJT-X 2.6 -rc5 


¢ Optional audio tracking of Doppler* 

¢ Does not require a CAT compatible radio! 

¢ Works in self echo and monitor mode 

¢ Saves wave files, which can be played back later. 


* May also work better than CAT control if your 
radio has significant delays processing CAT 
commands, which can shorten the TX pulse. 


Doppler settings for Echo Mode 


@ WSIT-X - jt65joe - Astronomical Data ler nen 


Use with CAT radio, for measurements of 


| 2022 Aug 22 _—Deapler tracking your own echo, or when transmitting a 


uTc: 07:57:25 P 
| oes 206.8 eee oe 1500Hz tone for another station 
: : © Own Echo 
El: 67.1 m 
SelfDop: -47 Constant frequency on Moon 2 z . . 
width: 3 On DX Echo Use with CAT radio when monitoring 


Delay: 2.66 Cal OX another station 
DxAz: 80.5 
DxEl: 29.4 ane 


144.979 877 Use with non-CAT radio 


144.979 877 


Rx: 
ry 4 
Press and hold the CTRL key to 


nera.t sae cs | mmayentedewoate Use to input rig’s RIT setting 
Dpol : 67:3 | “Snsonyaentauan with type 2 non-CAT radio if Doppler 


vandow. . 
offset requires 


Check to enable Dither function 


Note: A ‘type 2 non-CAT radio’ has ability to set RIT by a known, precise, amount 
to bring received signal close to 1500Hz. 


Automated Doppler Compensation 


Requires a Computer Assisted Transceiver (CAT) compatible radio 


Station Details 


My Call: DL3WDG My Grid: JN68LM <—— Use full 6 character grid for highest accuracy! 


Can set sked freq here by typing in the kHz 


2022 Jul 08 oa offset from band edge. For example, to 

ce Full Doppler to DX Gri tune to 10368.024, type 24k in the box. 
El: -51.3 Own Echo 
SelfDop: 1679 Constant frequency on Moon Rig is CAT tuned 
Width: 189 
Delay: 2.55 woe to frequency 
DxAz: 349.2 —_ 
DxEl: -47.6 @) None 
DxDop: 1826 
DxWid: in. (ne 
Dec: -10.4 Rx: 10,368.200 000 

' a lg Tx: 10,368.200 000 
SunE 

P id hold the CTRL key to 
Freq: 10368.2 adjust the sked rhea ect 
Tsky: 3 with the rig's VFO dial or enter 
Dpvol: frequency directly into the band Use full 6 
P ; 7 7 entry field on the main window. ; 

Ie pe character grid 
Dist 382079 

|| Dgrd: -1.3 for highest 
7] Doppler tracking accuracy! 


Doppler modes in WSJT-X 


Doppler modes in WSJT-* 25-Jan-15 
Method Name RX shift TX Shitt Tracking rb names Note 
0 None none none NoDoppler 
1 Full Doppler to DX Grid m_dop -m_dop yes FullTrack 
2 Constant Freq on Moon (m_dopO00W2 -~m_dop00\/2 yes ConstFreqgOnMoon 
3 Own Echo m_dop00 none yes QwnEcho 
4 On DX Echo m_dop see below yes OnDxEcho q 
5 Call DX none -m_dop00 tx only  CallDx 


parameter names 


m_ dop00 two way self Doppler 
m_dop two way mutual Doppler 
m_dx_two_way_dop = 2 * (m_dop - (m_dop00/2)) DX station's two way self Doppler 


Note 1 TX tracking is referenced to time when button is first pressed 
(| think Bob's revision to the code changed this behaviour so it now tracks) 


Note: Methods 1 and 4 only work if Grid locator for DX station is entered. 


Doppler Method tool tips 


Doppler to DX Grid 
| One station does all Doppler shift correction, 
their O50 partner receives and transmits on 
| the sked frequency. 


| If the rig does not accept CAT OSY commands 
while transmitting a single correction is applied 
| for the whole transmit period. 


Transmit takes place on sked 
frequency and receive frequency is 


corrected for own echoes. 


This mode can be used for calling 
CQ, or when using Echo mode, 


Constant frequency on Moon 
Both stations correct for Doppler shift such that they 
would be heard on the moon at the sked frequency. 


If the rig does not accept CAT QSY commands while 
transmitting a single correction is applied for the whole 
transmit period, 


Use this option also for Echo mode. 


On DX Echo 


DX station announces their TX Freq, which is 
entered as the Sked Freg. Correction applied 
to RX and TX so you appear on the Dx's 
station's own echo Freg, 


If the rig does not accept CAT QSY commands 


while transmitting a single correction is applied 
for the whole transmit period. 


Dx 
iS Tuné radio manually and select this mode 


to put your echo on the same frequency. 


1 fre If the rig does not accept CAT OSY 
commands while transmitting,a single 

-« | correction is applied for the whole 
transmit period. 


1 No Doppler shift correction is 
1] applied. This may be used 
when the O50 partner does 
-| full Doppler correction to your 

| grid square, 


Advantages of CFOM 


No need to know DxX station’s location 
Own echoes are correctly tuned 
Partner’s own echoes are correctly tuned 
You can monitor both stations in QSO 
Best mode for DXpeditions 

Ideal for random operation 


Usage is near 100% on higher bands, and 
increasing on lower bands 


WSJT-X Degradation tool 


¢ Allows saved wave files to be decoded with 
added noise to investigate how much margin a 
given signal achieved. 


The amount of degradation can be adjusted 
until the signal stops decoding. [Note: near 
the margin, statistical variations in the noise 
may result in the signal sometimes decoding 
and other times not.] 


Using the degradation tool 


rr 2a 


| General | Radio | Audio | TxMacros | Reporting | Frequencies | Colors | Advanced | 


3765 VHF/UHF /Microwave decoding parameters 


Random erasure patterns: 7 Degrade S/N of .wav file: [il dB 


Aggressive decoding level: 7 Receiver bandwidth: 3000 Hz Set to lake sane audio 
[Fl two-pass decoding Tx delay? one bandwidth (important) 


4\> 4\> 


File | Configurations View Mode Decode Save 


= yao Navigate to where your wave files are stored. 


Open next in directory - ‘ F ‘ ‘ 
eeu ose aes [Save directory is shown in Settings->Audio| 


Q65 sync plots 


These are useful to display the likely presence of a signal, 
which is too weak to decode. They are most useful when 
unknown stations are calling. If full AP is in operation, 
decodes are often possible with little or no indication of a 
signal on the plots. 


SS 
| Flatten [¥] Ref Spec 


|Q65_Sync - 


Examples of Q65 Sync plots (orange is 
single period, red is average} 


Y| Controls 500 2500 


File 1908 


One period, 
ssi iit ean. nedecode. 
Likely signal 
at 700Hz, 
with good DT 


Ss . - ~ = 
3 Start 300Hz [¢|| Palette [) Fatten [¥] Ref Spec Q Q Spec 60 % [2 
Split 2500 Hz N Avg 2 $ [Scope +] {Q65_Syne RA (} {} Smooth 7 
| Controls 500 ats 


File 1910 added. 

te ACN a Orange line shows 
San | elena result from file 1910 
and red line shows 
files 1908 and 1910 
averaged. The 

ook Sei Se ere u 0 sean average decoded. 


Split 2500 Hz NAvg 2 : (Scope = +] | [965_Syne = 0} 0) 


Drift compensation 


Linear frequency drift can be measured and compensated for 
using the Max Drift control. Normally, this should be set to 0 
as shown below when signals are stable (eg with rigs locked to 
GPS and Doppler correction active). 

If the received signal is drifting and will not decode, a non- 
zero setting may be beneficial. Greatest benefit is with signals 
that are drifting by an amount in excess of the tone spacing 
during a period. 


Submode E > 


Max Drift Oo 4 <— 


Non-standard callsigns 


The latest versions of WSJT-X support the use of a non-standard callsign by 
one of the QSO partners, with full decoding sensitivity. Examples of a non 
standard callsign are HA/DL3WDG and PA1OOTHALES. A model QSO using 
such a callsign is shown below: 


CQ PJ4/K1ABC 

<PJ4/K1ABC> WOXYZ 
W9XYZ <PJ4/K1ABC> +03 

<PJ4/K1ABC> WOXYZ R-08 
<W9OXYZ> PJ4/K1ABC RRR 

PJ4/K1ABC <W9XYZ> 73 


In every message one of the callsigns is sent as a “hash” code using a smaller 
number of bits, and is enclosed in <...> brackets. For the callsign to be 
displayed in full, the station’s callsign must either be present in the DX Call 
box, or has been decoded in full in the recent past. For further information, 
see section 7.5 in the WSJT-X User Guide. 


Multi-decoding 


Q65 has the ability to decode multiple signals in the 
audio passband automatically. To invoke this, uncheck 
Single decode in the Behavior part of General settings 
menu: 


¥| Enable VHF and submode features 

¥)} Allow Tx frequency changes while transmitting 
_ Single decode 

¥}| Decode after EME delay le 

¥} Disable Tune watchdog 


Decoding the whole passband increases decode time, 
and needs signals to have higher S/N, compared to 
single decoding. 


Appendix 


Delayed decoding 
Signal report accuracy 


Polynomial coefficients of sensitivity v 
spreading chart 


Using q65sim.exe 
References 


Does it matter if decoding continues 
into the following transmit period? 


DL3WDG KAIGT FAS4 


hannel symbols: 
H 27 168 26 13 36 11 SY 8 61 4 A Bi? B&B 
4 86 6 39 S? 8A 8 26 18 24 2868 Ji 626 55) 6B 
613312 26 SH @Ai2 263 8 62 32 61 2 &A 
54 86 26 21 45 81914 819 22 5H SE 6 64 
| 63 5 ae 16 &@ 


DL3WDG KALGT R-17 


hannel symbols 
H 27 if ag 13 35 1i 57 8 61 4 6 & 286 68 63 


16 

45 3 
63 855 56 2 8 4453 8 44 34 6 3 825 GF 
23 47 49 36 &@ 


The first 13 characters of the two messages are identical. The time taken in a 60s period 
to transmit these characters is about 8s, meaning that if decoding is completed up to 8s 
into the following transmit period, the next transmitted message will not be 
‘corrupted’. 


Even if decoding takes a few seconds longer, the robust error correction built into the 
protocol will ensure that the correct message is received (with slightly reduced S/N). 


Long decoding time 


Possible causes: 


¢ Wide Ftol setting 

¢ Single decode not selected 
¢ Deep decoding setting used 
¢ Slow PC 


Signal report accuracy 


¢ Signal reports are given as dB S/N in 2500Hz 


¢ In most situations, the signal report is quite 
accurate. 

¢ With wider bandwidth submodes (eg 60E), with 
Tx/Rx frequency = 700Hz, S/N can appear better 
than reality, dependent on your lower audio 
passband cutoff frequency. This does not affect 
ability to decode signals. 

¢ Thus it is common for two stations with identical 
performance to see different S/N values for the 
Same signal. 


Equations for the Decoding sensitivity 


graph. 


6 O D . Y= 5.6139E-08x7-6.4781E-05x* + 3.7718E-02x- 2.82785E+01 


6OE: = y =-2.68935E-08x3+ 1.16662E-05x? +0.013908449x - 27.00821099 


120E: ¥= 0.00000x+ - 0.00005x"+ 0.0387 4x-30.75116 


Decoding sensitivity 


S/N for 50% decoding vs spreading Q65-60D, 60E and 120E 


You can use these equations in a spreadsheet, 
which allows you to calculate the decoding 
threshold of any of three submodes listed 
above ata particular value of spreading, rather 


than interpolating the value from the graph. 


y = decode threshold in dB 
x = Doppler spread in Hz 


Using q65sim.exe 


Open a Command window, eg on Win7 type cmd into the windows search box, or select CMD 
app in Win10. Enter commands as shown below (assumes WSJT-X is instelled in c:\wsjt).: 


Gee C:\Windows\system32\cmd.exe [| = 


Microsoft Windows ([Yersion 6.1.7681] 
Copyright tc) 2669 Microsoft Corporation. All rights reserved. 


coNWS UT SMws jtx\bin>q65sim 
Usage = q6S5sim “neg"" A-E freq fFDop DT fi Stp TRp Nfile SNE 
Example: q65sim "KiABC WORVE ENS7" A 1566 8.68 6.68 8.6 1 66 1 —26 
Example: q65sim "ST" A i588 4.68 6.6 8.6 1 64 1 —26 


FDop Doppler spread 

Fi Drift or Doppler rate CHe/min> 

Stp Step size tHz> 

Stp = 8 implies no Doppler tracking 

Creates Filenames which increment to permit averaging in first period 
If msg = §T program produces a single tone at freg 


co NWS UT Mus jtxbin> 


Then type in the command (or copy/paste text at bottom of next slide) to generate the 
messages — see next slide to see the command and the response from the program. Once the 
simulator has run, start WSJT-X, and use File->Open and navigate to the generated wave files 
and play them back — see following slides. [Each wave file has different pseudo random noise 
to simulate the real world.] Wave file numbering is consistent with messages in the even 
period, and averaging will work on them as normal. Example message has sufficient S/N to 
decode without AP. 


coMWsJTwwsjtxsbintgq6S5sim “KidJT DL3SWDG JN66" E 7H6 16868 2.5 6 68 6H 16 -15 
Generated message 

6&—hbit: 227 20 av o36 52 18 54°25°-)-—.)-4)—2 

banary: §00016611911111118011611160100110100016016116110011001001001900100101000 


2° 36 52 16 54 
16 38 446 56 31 
9 44 11 37 55 


30 
36 
4 


A 
Freg Mode 5-N 


1 E 
2 E 
4 E 
4 E 
5 E 
6 E 
ra E 
o E 
? E 
if E 


DLIWDG 
DLIWDG 
DL3WDG 
DLIWDG 
DLIWDG 
DLIWDG 
DLIWDG 
DLIWDG 
DLIWDG 
DLIWDG 


t ' t ' ' ' ' t ' t 
EAE Ee er em emer enn 
Sega eage & 
t | i} ' ' ' | t ' t 
Seaggaggeage & 
Seaggaggage & 


Peo Bsa Pio Deo Pao Bat Pst Po Do Bho 


188.408 
Ne = SWS UT ws jtx'bin> 


qo5sim "K1JUT DL3WDG JN68" E 700 


Q65sim — contd , play back files 


> Computer » Local Disk (C:) » WSIT > wsjtx > bin 


OT ——CSSTC‘EEC__SSCSFE 
v New folder = v Gil @ 
Ay Documents * Name a = Title Contributing artists Album 
Ay Documents 
5 .2| 000000_0000.wav 
Ay Music 
; |2| 000000_0002.wav 
Ay Pictures 
p \2 | 000000_0004.wav 
Ay Videos 
|2 | 000000_0006.wav 
letHood 
|2| 000000_0008.wav 
JpenVPN 
|» | 000000_0010.wav 
'rintHood a 
|2 | 000000_0012.wav 
‘ecent 
= |2, 000000_0014.wav 
aved Games 
|2 | 000000_0016.wav 
‘earches 
|2| 000000_0018.wav 
endTo 
imtext 
rc 
tart Menu 
‘emplates 
vsjtx 
vsjt<_254 
mputer 
twork 


ntrol Panel + 


File name: 000000_0000.wav + [WSIT Files (*wav) 


Q65sim — contd - result 
© Wee (26S TET TTT lt 


File Configurations View Mode Decode Save Tools’ Help 


Single-Period Decodes Average Decodes 
UIC dB ODT Freq é Messac UTC dB ODT Freq Message 


0000 -15 
0002 -16 
0004 -15 
0006 -15 
0008 
0010 
0012 
0014 
0016 
0018 


702 DL3WDG JN6& a3 0000 -15 
700 DL3WDG JN6& a3 0002 -16 
696 DL3WDG JN6& a3 0004 -15 
700 DL3WDG JN6& qs 0006 -15 
698 DL3WDG JN6& qs 000s -15 
702 : DL3WDG JN6& qs 0010 -15 
702 DL3WDG JN6& qs 0012 -15 
698 : DL3WDG JN6& a3 0614-15 
700 DL3WDG JN68 a3 0016 -15 
702 DL3WDG JN6& a3 0018 -16 


702 KiJT DL3WDG JN68 
700 KiJT DL3WDG JN6& 
698 KiJT DL3WDG JN68 
700 KiJT DL3WDG JN6& 
698 KiJT DL3WDG JN68 
702 KiJT DL3WDG JN68 
702 KiJT DL3WDG JN68 
6968 KiJT DL3WDG JN6& 
700 KiJT DL3WDG JN68 
702 KiJT DL3WDG JN68 


bot 
He 
ww 


| 
i) 
wn 


| 
hw 
1) 


| 

wn 
NNN NNN NHN ND KO 
DOHOnnaannn ns 


NNN NHNN NH HDHD ND 


NOAOAAAAAAA DH 


| 
bh 
a] 


= 
. 
g 


co 


} | Erase } [ Clear Avg } | Decode Enable Tx | Halt Tx { Tun 


Tx even/ist r: 


Tx 700 Hz : e] Generate Std Msgs Next Now 
™N 
a FTol 100 > Lv | SubmodeE {2 4 M 


Rx 700 Hz =| MaxDrifto (¢ 
Report -15 


stop | | 


—— 


| log Qso | 


4 


s)| BRIE) @ 


2m 


144.116 000 


: 


TR 60s 


2022 Aug 05 | Auto Seq Tx6 DL3WDG K1IT 73 
05:56:15 CQ K1JT KN33 


S$ &6 8 8&8 


Links to further information 


https://physics.princeton.edu/pulsar/k1jt/Q65 Quick Start.pdf 
https://physics.princeton.edu/pulsar/k1jt/wsjtx.html 
https://physics.princeton.edu//pulsar/k1jt/Release Notes.txt 
https://physics.princeton.edu/pulsar/k1jt/WSJTX 2.5.0 MAP65 3.0 Quick Start.pdf 
https://bobatkins.com/radio/EME-echoes.html 
https://bobatkins.com/radio/Q65-basics.html 

https://bobatkins.com/radio/Q65 step size drift_compensation.html 

Updates to this presentation (Google Drive) 

Updates to this presentation (One Drive) !!!! Needs uploading and editing link 


Many thanks to KA1GT, DL4KGC and K1JT for reviewing the 
presentation, and for their very useful suggestions! 


